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Introduction {#sec001}
============

Gamification and the flipped-classroom in teacher training {#sec002}
----------------------------------------------------------

Recent years have witnessed the arrival of new methodological horizons in teacher training \[[@pone.0236083.ref001]\] and international studies have stressed the need to renew teacher training programs to improve teaching-learning processes in compulsory education \[[@pone.0236083.ref002]--[@pone.0236083.ref004]\] and have emphasized mastery of normal classroom tasks \[[@pone.0236083.ref005], [@pone.0236083.ref006]\]. Technological resources and mobile connections play a major role in these studies \[[@pone.0236083.ref007], [@pone.0236083.ref008]\]. At the same time, there is a focus on play to increase commitment and motivation \[[@pone.0236083.ref009]--[@pone.0236083.ref011]\]. It is in this context that the phenomenon known as gamification has arisen \[[@pone.0236083.ref012], [@pone.0236083.ref013]\]. Gamification is based on the argument that many traditional activities (including school activities and traditional learning) are not intrinsically interesting and the understanding that the introduction of characteristics similar to games would make them more attractive \[[@pone.0236083.ref014]\]. One technique in gamification is the introduction of rewards when a user reaches a specific goal \[[@pone.0236083.ref015]\]. There is a scoring system and a record of achievements, classifications (overall or partial), and users can win badges \[[@pone.0236083.ref009]\].

Gamification is on the rise in education \[[@pone.0236083.ref016]\]. The success of gamification strategies lies in increasing students' motivation \[[@pone.0236083.ref017]\]. Motivation is one of the most acclaimed potentialities of gamified methodologies, an act that converts this technique in a useful formative strategy in the various stages of education, even between trainee teachers \[[@pone.0236083.ref018]\].

In this sense, several research papers have analyzed the intrinsic and extrinsic results of the motivation of the students prior to gamification strategies \[[@pone.0236083.ref019], [@pone.0236083.ref020]\], finding that gamification per se does not guarantee greater motivation, but must be focused on achieving learning results, so the type of game must be adapted to the contents to be worked on and to the characteristics of the students who participate in it \[[@pone.0236083.ref021], [@pone.0236083.ref022]\].

Authors such as \[[@pone.0236083.ref023]\] believe that the use of gamification in Higher Education is positive, as the strategies mean that students are more involved in teaching and learning processes. They become the focus of the teaching, thus fostering motivation \[[@pone.0236083.ref024]\]. The positive effects in the research have enjoyed empirical support \[[@pone.0236083.ref009], [@pone.0236083.ref025]\] based on key elements like scores, awards or rewards \[[@pone.0236083.ref012], [@pone.0236083.ref026], [@pone.0236083.ref027]\].

This change sought through the incorporation of gamification to enhance motivation is closely related to the SAL (Student Approach to Learning) approach. Although this approach has been promoted by the European Union for Higher Education Studies since the Bologna Plan, studies show that teacher training programs still retain some ineffective instructional strategies \[[@pone.0236083.ref028]\], which has led researchers to propose alternative approaches, such as the flipped-classroom \[[@pone.0236083.ref029]\]. Thanks to the support of educational technologies, the flipped-classroom has become a viable pedagogical approach that addresses the needs of today's students \[[@pone.0236083.ref030]\]. The flipped-classroom allows greater student practical activity in the classroom, leaving the transmission of conceptual knowledge for home video viewing \[[@pone.0236083.ref031]\]. Like other technological strategies, its success depends on good educational planning, and specifically it should comply with the three levels of the T-PACK (Technology, Pedagogy And Content Knowledge) framework \[[@pone.0236083.ref032]--[@pone.0236083.ref034]\].

It is still a strategy with relatively little empirical research in academia \[[@pone.0236083.ref035]\]. Like other teaching actions focused on active student learning, the flipped-classroom improves traditional formulas \[[@pone.0236083.ref036]\], increases student participation \[[@pone.0236083.ref037]\] and, at the same time, admits research and critical activity. Studies show that a direct consequence of this methodology is increased motivation and greater experiential learning \[[@pone.0236083.ref026], [@pone.0236083.ref038]\].

Many authors have indicated the necessity of improve the teaching practice in teacher training to train highly-qualified teachers. This is an issue of current interest on an international level \[[@pone.0236083.ref002], [@pone.0236083.ref039]--[@pone.0236083.ref041]\]. The focus of this article is key: the effects of an intervention programme in teacher training on the knowledge, skills and competencies of trainee teachers \[[@pone.0236083.ref042]\]. There is an extensive bibliography on teacher training with a large number of authors pointing out that more comparative research is necessary and that empirical studies in higher education need to have systematic contact with the subsequent results \[[@pone.0236083.ref043]\]. Studies in other contexts in Higher Education have shown how active teaching strategies improve student motivation and competencies \[[@pone.0236083.ref035], [@pone.0236083.ref044]--[@pone.0236083.ref047]\]. The purpose of this article is to show the positive effects of these active strategies in teacher training on the improvement of their skills as future teachers (in the ability to design teaching activities). The novelty of this article is the linking of the flipped classroom as a method of daily work in the classroom and gamification as a motivation technique. Research in higher education has usually focused on one of these strategies. In this article we show the positive effects of linking both teaching methods.

Gamification and flipped-classroom has drawn the attention of teachers and academics in the last five years, but there is still an underdeveloped theoretical and empirical frame to discuss the effectiveness of these methods, above all used both together like in this study \[[@pone.0236083.ref048]\], in spite of we already have the first evidences in primary education \[[@pone.0236083.ref049]\]. But there is a lack of evidence and empirical evaluation of its use in a non-entertainment context \[[@pone.0236083.ref050]\] in higher education, where they are less used and there are no many examples of these methods \[[@pone.0236083.ref045]\]. Above all in Social Studies Education, a field still very linked to traditional teaching & learning methodologies, where it could be found studies in economics and marketing \[[@pone.0236083.ref051]\], social work \[[@pone.0236083.ref052]\], business courses \[[@pone.0236083.ref047], [@pone.0236083.ref053]\], educational technology programs \[[@pone.0236083.ref054]\], employees, consumers or environmental experiences \[[@pone.0236083.ref055]\] but very few researches of gamification and flipped-classroom teaching History or Geography lessons \[[@pone.0236083.ref056]\] and never using both strategies at the same time in this field \[[@pone.0236083.ref057]--[@pone.0236083.ref060]\].

Empirical investigations need to dig into evidences designing Social Science educative programs using gamification and flipped-classroom. It could be very interesting to know what is the opinion of future teachers \[[@pone.0236083.ref061]\] using these methods together or what are the perceptions of the training teachers about learning outcomes or self-motivation which is especially important for educational research as the students of today will be the teachers of tomorrow \[[@pone.0236083.ref062]\]. And, in the future, their opinion about strategies and methods will affect their curricular and pedagogical decisions during their professional development \[[@pone.0236083.ref063]\] which, as well, can influence the future learning of their students \[[@pone.0236083.ref064]\].

Research question and aims {#sec003}
--------------------------

The objective of this paper was to analyze the effects of a training program based on flipped-classroom and gamification on the learning perceptions and outcomes of teachers in training.

The specific objectives derived from this general objective are:

SO1: To analyze the opinion of future teachers on the strategies used in the training program by group, gender and flipped-classroom/gamification techniques.

SO2: To analyze the perception that future teachers have of the learning achieved in the training program by group and gender, and relationship with the techniques assessment subscale.

SO3: To analyze the learning outcomes of future teachers in relation to their ability to make teaching proposals for Social Sciences in Primary Education and the differences by groups and learning perceived.

Method {#sec004}
======

Participants {#sec005}
------------

This specific study was reviewed and approved by an institutional review board (Research Ethics Commission of the University of Murcia) before the study began. We obtained the written consent associated to the Ministry of Science, Innovation and Universities investigation project. After informing to the participants about the research objectives, they signed an informed consent document (supplementary material).

The research sample comprised 210 trainee teachers (53 males; 25% and 157 females; 75%), with respect to the groups, in the group 1 (bilingual) is in the one that is smaller proportion of males with respect to the other groups ([Table 1](#pone.0236083.t001){ref-type="table"}). The total number of participants in the sample study the third course on the Primary Education Degree at the University of Murcia, Spain. The purpose of the academic degree is the initial training of Teachers trained to practice in the Primary Education stage (6--12 years). The age range of the participants was 19 to 44 years (M = 20.94 and SD = 2.77). Almost 90% of the sample was between 19 and 22 years old ([Table 1](#pone.0236083.t001){ref-type="table"}), which indicates that the academic year of the majority of students corresponds to the age. The training program was carried out in four classroom groups, although all students belonged to the same course, who are required a high cut-off note to access the Degree (2018/19 academic year---8.506). There are differences between group 1 and the other groups (2, 3 and 4). Group 1 differed from the others because it is a bilingual group (a minimum of 15 subjects are taught in English). In addition, students in the bilingual group have to meet the following requirements: have the nationality of countries whose official or co-official language is English, either, have a certificate of accreditation of a level B1 or higher in English and have completed a Bilingual Baccalaureate. Groups 2, 3 and 4 are more homogeneous both in percentage of men and women and in the academic origin of the participants.

10.1371/journal.pone.0236083.t001

###### Sample and socio-demographic information by group.
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  ------------------------------------------------------------------------------------------ ----------- ------------ ------------------------ ------------------------- --------
  *a) Distribution of the sample by group and socio-demographic information*                                                                                             
  Group                                                                                      Frequency   Percentage   Monolingual /Bilingual   Sex of the participants   
                                                                                                                                               Male                      Female
  1                                                                                          44          21,0         Bilingual                7                         37
  2                                                                                          54          25,7         Monolingual              14                        40
  3                                                                                          60          28,6         Monolingual              13                        47
  4                                                                                          52          24,8         Monolingual              19                        33
  *b) Socio-demographic information (in terms of age) of participants according to groups*                                                                               
  Ages of the participants                                                                                                                                               
  Age groups                                                                                 19--21      22--24       25--28                   29 and over               Total
  Percentage                                                                                 86,5        7,7          2,4                      3,4                       100
  ------------------------------------------------------------------------------------------ ----------- ------------ ------------------------ ------------------------- --------

It is interesting to know whether the students of the same obtain benefits in the objectives proposed in this work with respect to their colleagues in the monolingual groups, as well as to check the uniformity in the implementation of the program based on gamification and flipped classroom in teacher training and in the process of teaching and learning through the different groups.

Futhermore, the distribution of the sample was quite homogeneous: 21% in Group 1 to 28.6% in Group 3 ([Table 1](#pone.0236083.t001){ref-type="table"}). In addition, this table presents information about participants\' demographics based on groups.

Research focus {#sec006}
--------------

A methodological approach based on program evaluation was chosen: design, implementation and evaluation of a training program \[[@pone.0236083.ref054]\]. For evaluation of the program, a quantitative approach was applied using two tools: a questionnaire with Likert scale (1--5) to ascertain the perceptions of the participants about their learning; and an observation record of the training units designed by the teachers in training to ascertain the learning outcomes.

Design of the training program {#sec007}
------------------------------

The training program was run in four class groups on the subject *Teaching Methodology for Social Sciences* on the Primary Education Degree at the University of Murcia (Spain). To ensure fidelity in the implementation by the teaching team, a document was created with a protocol (supplementary material). This document is a checklist of activities that teachers should complete to ensure uniformity in the implementation of the program. The aim of the subject is that the students acquire competences in the design of innovative teaching proposals for social sciences in Primary Education. The strategies used in the training program were based on the flipped-classroom, as a teaching approach, and gamification, as a technique to encourage motivation. The subject was taught in the first semester of the academic year 2018/2019 (September-December), with two sessions of two hours a week. The teaching team produced a weekly video with the theoretical contents of the subject. For the flipped-classroom, the students had to watch the video at home. The activities inside the classroom were based on case studies, simulations, analysis of materials, cooperative work, etc. This was combined with gamification techniques. To design our gamification techniques we follow the claims of Teixes \[[@pone.0236083.ref065]\] on the different mechanics and dynamics used. Specifically, in terms of dynamics, which are the elements that make progress in the game visible, we used the *points*, specifically experience points. Those are earned from the actions performed by users: the number of successes that the member obtained from the questions launched with the Socrative application. A *classification* was also introduced, that is, an element that visually ordered users according to the score achieved. As for the dynamics, we use a system of *rewards*, that is, a valuable element that is obtained after the achievement of an objective. In our case it was a bonus in the final grade of the subject based on the total points obtained at the end of the experience. Another dynamic was the competition by comparing the results of all groups through the classification, thus seeking extra motivation. Finally, the *feedback* was used: the interrelations that was offered to the students at the end of each questionnaire so that they knew their degree of progress in the gamified system. With this feedback, students were stressed on the need to achieve a real learning of the contents of the subject, leaving the rewards in the background. In this way we try to boost intrinsic motivation against extrinsic.

At the beginning of each of the sessions the students answered questions about the theoretical videos through team competitions made using the Socrative platform, following the recommendations of studies like \[[@pone.0236083.ref066]\]. At the end of the sessions, team competitions were held again on the contents dealt with throughout the session. The groups could obtain badges during the development of the proposal, and prizes at the end of the course for those who gained most badges related to the final grade.

Throughout the program the working groups had to design an innovative teaching unit for social sciences. At the end of the course, the groups were required to give an oral presentation with a simulation of one of its parts and to carry out the activities designed *in situ*. The unit was evaluated using an observation scale (supplementary material) in order to test the effectiveness in learning competencies related to the design of innovative proposals.

Tools used for data collection {#sec008}
------------------------------

The information on the effects of this training program was collected through two tools. First, there was an ad hoc questionnaire entitled \"Evaluation of the gamification and flipped-classroom based training program\", which used a closed Likert rating scale (1--5), consisting of three thematic blocks (supplementary material). The first block addressed the perceptions of trainee teachers on how the program had affected their motivation. The second block of the questionnaire dealt with how satisfied they felt with the program. The third block focused on the perception of the learning received in the training program. For this purpose, a series of statements related to each of the objectives of the program regarding the proposal of innovative teaching units were drawn up. Participants were also asked to assess the role that, in their opinion, each of the strategies and techniques used in the effectiveness of learning played in learning effectiveness.

The design of the questionnaire took into consideration other studies on the effects of gamification programs on motivation, satisfaction and learning effectiveness \[[@pone.0236083.ref009], [@pone.0236083.ref019], [@pone.0236083.ref067], [@pone.0236083.ref068]\]. The validation of the content was carried out by a panel of experts who judged the relevance and clarity of the items in the tool.

The second tool was an observation scale to evaluate the teaching units designed by the future teachers (supplementary material). It had a 1--5 rating scale and was built around four variables that were evaluated by the teaching team: suitability of the structure of the teaching unit; relevance of the training activities; methodological suitability; correction of the evaluation procedures and instruments. The learning outcomes of each of the assessments (1--5) were detailed. Some models developed and implemented in this area of knowledge in observation scales were taken into account \[[@pone.0236083.ref069]--[@pone.0236083.ref071]\]. Validation of the content was also carried out through a pane l of experts who judged the relevance and clarity of the tool's variables and the proposed learning outcomes for each of the assessments with the scale.

Data analysis procedure {#sec009}
-----------------------

The data collected by the two tools were coded and analyzed separately with SPSS v.22.0 for MAC. The reliability and validity of the construct of the perception of learning questionnaire were estimated prior to the data analysis. The internal consistency method based on Cronbach\'s Alfa used to estimate the reliability of a measuring instrument composed of a set of items of Likert scale type expected to measure the same theoretical dimension (the same construct) was used to analyze the reliability of the questionnaire. This validation procedure has been used in other history education research \[[@pone.0236083.ref069]\]. The criterion established and used by various authors is that a Cronbach alpha value between .70 and .90 indicates a good internal consistency for a one-dimensional scale \[[@pone.0236083.ref072], [@pone.0236083.ref073]\]. In the case of the questionnaire, satisfactory results were obtained both on a global scale and on each of the subscales used in this study. The degree of reliability of the global scale was also shown to be adequate using the Guttman split half technique ([Table 2](#pone.0236083.t002){ref-type="table"}).

10.1371/journal.pone.0236083.t002

###### Cronbach's alpha internal consistency coefficients and Guttman split half for the scale "evaluation of the gamification and flipped-classroom based training program" and the sub-scales used in the research.
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  Scales and sub-scales                                                                         Number of Elements   Cronbach's Alpha   Guttman's split-half
  --------------------------------------------------------------------------------------------- -------------------- ------------------ ----------------------
  Overall Scale "Evaluation of the gamification and flipped-classroom based training program"   37                   .940               .903
  Sub-scale "perception of learning"                                                            8                    .876               
  Sub-scale "perception of motivation"                                                          13                   .821               

The validity of the construct and the viability of a subsequent factorial analysis were also checked. For this purpose, the correlation matrix was analyzed and Barlett\'s sphericity test and a Principal Component Analysis (PCA) were carried out for each of the blocks of the questionnaire. The exploratory ACP explains the maximum percentage of variance observed in each item from a smaller number of components which summarize that information \[[@pone.0236083.ref074]\].

The analysis of the correlation matrix looked for variables that did not correlate well with any other, that is, with correlation coefficients of less than 3; and variables that correlated too well with others, that is, variables that have some correlation coefficient greater than 9. In the case of the study questionnaire, no variable with these characteristics was found.

In the three blocks a critical level (Sig.) of .000 was obtained in Barlett\'s sphericity test. If we apply the ACP to each of the blocks, we obtain a distribution in the first block of 3 dimensions, explaining 48.9% of the total variance, with a KMO of .848. In the second block we obtain 2 dimensions, explaining 46.3% of the variance, with a KMO of .828. In the third block we obtain 3 dimensions, explaining 55.01% of the variance, with a KMO of .884 ([Table 3](#pone.0236083.t003){ref-type="table"}).

10.1371/journal.pone.0236083.t003

###### Barlett's test of sphericity and KMO for the blocks in the questionnaire.

![](pone.0236083.t003){#pone.0236083.t003g}

  Block       Sig. In Bartlett's test of sphericity   KMO. Kaiser-Meyer-Olkin measure of the sample suitability   Number of dimensions   Variance explained
  ----------- --------------------------------------- ----------------------------------------------------------- ---------------------- --------------------
  Block I     .000                                    .848                                                        3                      48.9%
  Block II    .000                                    .828                                                        2                      46.3%
  Block III   .000                                    .884                                                        3                      55.01%

The questionnaire used includes three blocks:

Block I: The first block addressed the perceptions of trainee teachers on how the program had affected their motivation

Block II: The second block of the questionnaire dealt with how satisfied they felt with the program.

Block III: The third block focused on the perception of the learning received in the training program

The results of these tests showed that the questionnaire has an adequate degree of reliability and validity. Descriptive statistical analyses were carried out (minimum, maximum, mean and standard deviation of each of the variables). In addition, mean tests (Student t and single factor ANOVA) were applied for sex and group variables; and nonparametric tests (Mann-Whitney U test) for the sex variable; and Pearson correlations between subscales.

Results {#sec010}
=======

Opinion of trainee teachers about the strategies and techniques used in the training program {#sec011}
--------------------------------------------------------------------------------------------

We can see below ([Table 4](#pone.0236083.t004){ref-type="table"}) the means and standard deviations, as well as the minimum and maximum, of the participants according to the membership group of each of the variables referring to the perception of the strategies used in the study and the grouped variables.

10.1371/journal.pone.0236083.t004

###### Descriptive statistics obtained for the variables referring to the evaluation of the strategies used by group.
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                                    Group 1      Group 2   Group 3   Group 4                                                      
  --------------------------------- ------------ --------- --------- ------------- --- --- ------------ --- --- ------------- --- ---
  Vídeos of the flipped-classroom   4.51 (.77)   3         5         4.23 (.70)    2   5   4.42 (.72)   2   5   4.52 (.65)    3   5
  Whole group activities            4.26 (.79)   2         5         4.28 (.72)    2   5   4.50 (.65)   2   5   4.37 (1.01)   1   5
  Socrative test                    4.72 (.50)   3         5         4.38 (.71)    3   5   4.57 (.59)   3   5   4.54 (.61)    3   5
  Score and badges (rewards)        4.49 (.67)   3         5         4.04 (1.24)   1   5   4.23 (.81)   2   5   4.21 (.80)    3   5
  Work in small                     4.56 (.67)   3         5         4.21 (.99)    1   5   4.45 (.59)   3   5   4.40 (1.03)   1   5
  SimulationTeaching Unit           4.73 (.59)   3         5         4.45 (.69)    2   5   4.53 (.62)   2   5   4.46 (.98)    1   5
  **Strategy used Total**           4.52 (.46)   2         5         4.26 (.56)    1   5   4.45 (.46)   2   5   4.47 (.54)    1   5

The scores show a very positive evaluation of the strategies used. All items were rated higher than 4 out of 5, and a large part over 4.5. Overall, Group 1 rated the strategies used in the training program most positively while Group 2 gave the lowest rating. At between-group level, when differentiating each of the strategies and techniques it is observed that group 1 values all the items more positively, except that of \"Practical activities in the whole group\", in which it is the students of Group 3 who award a higher mean score, and \"Videos of the flipped-classroom\", where Group 4 has a slightly higher mean. At the within-group level, the highest scores are for groups 1 and 2 for the \"Simulation\" strategies, and for groups 3 and 4 for the \"Socrative Test\" strategy.

A single factor ANOVA was performed to check for statistically significant differences and the mean differences found between the four groups were not statistically significant.

We present ([Table 5](#pone.0236083.t005){ref-type="table"}) differentiated descriptions of the two strategies/techniques associated with the flipped-classroom (videos and activities in the large group class) and gamification (Socrative test and scores/badges). It can be seen that Group 1 valued the gamification strategies (Socrative test and scores and badges) notably more positively than the rest of the groups. However, Group 1 does not value the techniques associated with flipped-classroom as positively as Groups 3 and 4.

10.1371/journal.pone.0236083.t005

###### Descriptive statistics by group membership for the variables referring to the evaluation of the strategies used.
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                                                              Group 1      Group 2   Group 3   Group 4                                                    
  ----------------------------------------------------------- ------------ --------- --------- ------------ --- --- ------------ --- --- ------------ --- ---
  Flipped-classroom videos/ Whole group practical activites   4.38 (.72)   2         5         4.25 (.60)   2   5   4.45 (.64)   3   5   4.51 (.60)   2   5
  Socrative Test/ scores and badges                           4.6 (.51)    3         5         4.21 (.36)   2   5   4.40 (.62)   3   5   4.38 (.60)   3   5

A single factor ANOVA was performed to ascertain whether there were statistically significant differences in the assessment of the techniques used associated with the flipped-classroom. The mean differences found between the four groups were not statistically significant. However, a single-factor ANOVA was also performed for the evaluation of the gamification techniques used. The results showed statistically significant differences for Group 1 with respect to Group 2 ([Table 6](#pone.0236083.t006){ref-type="table"}). This group reported a better assessment of the gamification strategies and techniques, with statistically significant differences with respect to Group 2, and with minor differences with the rest of the groups.

10.1371/journal.pone.0236083.t006

###### Summary of the ANOVA post hoc tests: Multiple comparisons by groups of the learning perceptions acquired in the training program.
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  ANOVA            POST HOC (Dunnett's T3)                        
  ---------------- ------------------------- ----- ------- ------ ------
                   Sum of squares            gl    F       Sig.   
  Between groups   15.046                    3     2.896   .036   1\>2
  Within groups    353.334                   204                  
  Total            368.380                   207                  

As we observed, the descriptive statistics by sex for the perception of strategies variable, with males (26.5%) and females (74.5%) scores very similarly: mean 4.34 (male) versus 4.45 (female).

The Student t test, for independent samples, and the non parametric Mann- Whitney U test were carried out to see if participants' perceptions of the strategies differed according to sex. In neither case were statistically significant differences found.

Perception of acquired learning under the training program {#sec012}
----------------------------------------------------------

We can see ([Table 7](#pone.0236083.t007){ref-type="table"}) the means and standard deviations, as well as the minimum and maximum, of the participants according group membership for each of the variables referring to the perception of learning in the training program and with the grouped items.

10.1371/journal.pone.0236083.t007

###### Descriptive statistics for the perceptions of learning acquired during the training program.
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                           Group 1          Group 2                Group 3           Group 4                               
  ------------------------ ------------ --- --------- ------------ --------- ------- ------------ --- --- ------------ --- ---
  Structure Teachng Unit   4.86 (.35)   4   5         4.59 (.66)   2         5       4.63.(55)    3   5   4.58 (.60)   3   5
  Activities and stages    4.91 (.29)   4   5         4.57 (.69)   2         5       4.67 (.51)   3   5   4.63 (.69)   2   5
  Evaluation               4.75 (.49)   3   5         4.48 (.72)   2         5       4.52 (.62)   2   5   4.48 (.70)   2   5
  Methodology              4.82 (.49)   3   5         4.56 (.60)   3         5       4.72 (.49)   3   5   4.62 (.56)   3   5
  **Total Score**          4.83 (.34)   3   5         4.55 (.56)   ~~2~~     ~~5~~   4.63 (.42)   2   5   4.57 (.57)   2   5

The scores obtained show a very positive evaluation of the learning acquired in the program. All the items obtained a valuation above 4 out of 5, and all but one exceeded 4.5 (Group 4 rated its learning 4.48). Overall, Group 1 rated its learning most positively and Group 2 the least positively. At between-group level, Group 1 values learning more positively in all variables. At within-group level, the perception is more positive in Groups 1 and 4 in \"Activities and phases\"; Group 2 students perceive better learning in \"Structure of the Didactic Unit\" and Group 3 in \"Methodology\".

In order to analyze whether the perceptions that future teachers have of the learning achieved in the training program based on flipped-classroom and gamification were statistically different, a single-factor ANOVA test was carried out. The results showed statistically significant differences for Group 1 with respect to the rest of the groups: there is a 0.24 difference between group 1 and the rest in learning perception, which is explained because of a higher valuation for methodology and activities by the members of group 1.

In addition, the descriptive statistics for the perceptions of learning acquired during the training program according to participants' sex show that the mean for females is higher (4.7) than for males (4.43).

In order to analyze whether the differences are significant, both the Student t test for independent samples and the non-parametric Mann-Whitney U test were applied. The results showed statistically significant differences between males and females the overall perception score of their learning, and this was higher in females (Mann-Whitney U = 5.541; p\< 0.01; Student t = .000). In the light of the results, female participants perceived that they had learned more.

The learning perception subscale and the techniques/strategies assessment subscale show significant correlations (Correlation = .621; p\< 0.000). As we can see ([Table 8](#pone.0236083.t008){ref-type="table"}), the correlations of all items are significant and positive. However, the items of the learning perception subscale show higher correlations among themselves than the items of the techniques/strategies assessment subscale. Correlations between the items of the learning perception subscale range from .515 to .799; while the items of the techniques/strategies assessment subscale range from .174 to .718. With regard to the correlations between the items of both subscales, we observe that they are of magnitudes from weak to moderate, ranging from 251 (Socrative test and Activities) to 453 (UD Simulation and Structure).

10.1371/journal.pone.0236083.t008

###### Correlations between the variables of the subscales.

Perception of learning and evaluation of techniques/strategies.
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                         Percepction of learning   Evaluation of techniques/strategies                                                                                                                                                                                                                                                                                                                                                                                           
  ---------------------- ------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- --
  Structure              Pearson's Correlation                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Activities             Pearson's Correlation     .799[\*\*](#t008fn001){ref-type="table-fn"}                                                                                                                                                                                                                                                                                                                                                                                   
  N                      210                                                                                                                                                                                                                                                                                                                                                                                                                                                     
  Evaluation             Pearson's Correlation     .629[\*\*](#t008fn001){ref-type="table-fn"}   .671[\*\*](#t008fn001){ref-type="table-fn"}                                                                                                                                                                                                                                                                                                                                     
  N                      210                       210                                                                                                                                                                                                                                                                                                                                                                                                                           
  Methodology            Pearson's Correlation     .515[\*\*](#t008fn001){ref-type="table-fn"}   .560[\*\*](#t008fn001){ref-type="table-fn"}   .564[\*\*](#t008fn001){ref-type="table-fn"}                                                                                                                                                                                                                                                                                       
  N                      210                       210                                           210                                                                                                                                                                                                                                                                                                                                                                             
  Vídeos_flip class      Pearson's Correlation     .416[\*\*](#t008fn001){ref-type="table-fn"}   .364[\*\*](#t008fn001){ref-type="table-fn"}   .312[\*\*](#t008fn001){ref-type="table-fn"}   .361[\*\*](#t008fn001){ref-type="table-fn"}                                                                                                                                                                                                                                         
  N                      206                       206                                           206                                           206                                                                                                                                                                                                                                                                                                                               
  Practical activities   Pearson's Correlation     .308[\*\*](#t008fn001){ref-type="table-fn"}   .339[\*\*](#t008fn001){ref-type="table-fn"}   .344[\*\*](#t008fn001){ref-type="table-fn"}   .292[\*\*](#t008fn001){ref-type="table-fn"}   .512[\*\*](#t008fn001){ref-type="table-fn"}                                                                                                                                                                                           
  N                      208                       208                                           208                                           208                                           206                                                                                                                                                                                                                                                                                 
  Socrative Test         Pearson's Correlation     .344[\*\*](#t008fn001){ref-type="table-fn"}   .251[\*\*](#t008fn001){ref-type="table-fn"}   .310[\*\*](#t008fn001){ref-type="table-fn"}   .333[\*\*](#t008fn001){ref-type="table-fn"}   .509[\*\*](#t008fn001){ref-type="table-fn"}   .354[\*\*](#t008fn001){ref-type="table-fn"}                                                                                                                                             
  N                      208                       208                                           208                                           208                                           206                                           208                                                                                                                                                                                                                                   
  Socre_Rewards          Pearson's Correlation     .366[\*\*](#t008fn001){ref-type="table-fn"}   .298[\*\*](#t008fn001){ref-type="table-fn"}   .347[\*\*](#t008fn001){ref-type="table-fn"}   .288[\*\*](#t008fn001){ref-type="table-fn"}   .357[\*\*](#t008fn001){ref-type="table-fn"}   .294[\*\*](#t008fn001){ref-type="table-fn"}   .482[\*\*](#t008fn001){ref-type="table-fn"}                                                                                               
  N                      208                       208                                           208                                           208                                           206                                           208                                           208                                                                                                                                                                                     
  Group Work             Pearson's Correlation     .329[\*\*](#t008fn001){ref-type="table-fn"}   .364[\*\*](#t008fn001){ref-type="table-fn"}   .330[\*\*](#t008fn001){ref-type="table-fn"}   .314[\*\*](#t008fn001){ref-type="table-fn"}   .354[\*\*](#t008fn001){ref-type="table-fn"}   .537[\*\*](#t008fn001){ref-type="table-fn"}   .230[\*\*](#t008fn001){ref-type="table-fn"}   .248[\*\*](#t008fn001){ref-type="table-fn"}                                                 
  N                      208                       208                                           208                                           208                                           206                                           208                                           208                                           208                                                                                                                                       
  Simul_UD               Pearson's Correlation     .453[\*\*](#t008fn001){ref-type="table-fn"}   .438[\*\*](#t008fn001){ref-type="table-fn"}   .343[\*\*](#t008fn001){ref-type="table-fn"}   .358[\*\*](#t008fn001){ref-type="table-fn"}   .407[\*\*](#t008fn001){ref-type="table-fn"}   .534[\*\*](#t008fn001){ref-type="table-fn"}   .229[\*\*](#t008fn001){ref-type="table-fn"}   .174[\*](#t008fn002){ref-type="table-fn"}     .718[\*\*](#t008fn001){ref-type="table-fn"}   
  N                      206                       206                                           206                                           206                                           204                                           206                                           206                                           206                                           206                                                                                         

\*\*. Correlation is significant at level 0.01 (bilateral)

\* correlation is significant at level 0.05 (bilateral).

Regressions-multivariate analysis with PLS {#sec013}
------------------------------------------

After analysing the descriptive statistics, the difference between the result variables and the socio-demographic variables, as well as the correlation between subscales, a multivariate regression analysis approach has been used with the Partial least squares regression (PLS regression). The goal is to inspect which variables of the study are more predictive. The partial least squares regression (PLS) is a technique that reduces the predictors to a smaller set of not correlated components and performs a least squares regression on these components, instead of on the original data. Given the fact that the PLS regression models the response variables in a multivariate way, the results could differ significantly from the ones calculated for the response variables individually.

In the [Table 9](#pone.0236083.t009){ref-type="table"} it can be seen the variables' importance description for the projection, the standard deviation, as well as the inferior and superior limits for every explanatory variable used in our study.

10.1371/journal.pone.0236083.t009

###### Variable Importance in the Projection (VIP).

![](pone.0236083.t009){#pone.0236083.t009g}

  Variable                       VIP     Standard Deviation   Lower Limit (95%)   Upper Limit (95%)
  ------------------------------ ------- -------------------- ------------------- -------------------
  Work in group                  1.349   .228                 .899                1.799
  Gamification strategies        1.249   .207                 .841                1.657
  Fliiped-classroom strategies   1.225   .142                 .946                1.504
  Group                          .742    .251                 .247                1.236
  Gender                         .627    .316                 .003                1.250
  Age                            .422    .168                 .090                .753

As shown in [Fig 1](#pone.0236083.g001){ref-type="fig"}, the variables provided by the most optimal values for the projection of our regression model are provided by the teamwork, the gamification strategies and the flipped-classroom strategies, respectively.

![Variable Importance in the Projection (VIP).](pone.0236083.g001){#pone.0236083.g001}

The importance of these variables in the explanation of the perceived learning can also be noted in [Fig 2](#pone.0236083.g002){ref-type="fig"} on standardized rates. Teamwork is the most influent variable on the perceived learning, followed by gamification strategies, flipped-classroom strategies (with similar values between strategies). With these results we can say that the socio-demographic variables of the study (sex, age and gender) do not have a strong causal relationship with the perceived learning by the students in this training programme. By contrast, in the student's assessment of the group work, the gamification and flipped-classroom strategies had a notable influence in the perceived learning.

![Learning perceived/standardized coefficients.](pone.0236083.g002){#pone.0236083.g002}

Results of the future teachers' learning with regard to the capacity to produce teaching proposals {#sec014}
--------------------------------------------------------------------------------------------------

After knowing the perceptions of the students about their learning, we evaluated the learning outcomes of teachers in training on their ability to propose didactic activities. For it, we used an observation scale that would allow us to assess the structure of these activities, the methodology, the phases and the proposed evaluation. We can see ([Table 10](#pone.0236083.t010){ref-type="table"}) the means and standard deviations, as well as the minimum and maximum, of the participants according to group membership for each of the variables and with the grouped items referring to the learning results for the capacity to propose training activities for the teaching of the social sciences.

10.1371/journal.pone.0236083.t010

###### Descriptive statistics for the evaluation of the teaching units.

![](pone.0236083.t010){#pone.0236083.t010g}

                               Group 1           Group 2                 Group 3       Group 4                                
  ---------------------------- ------------- --- --------- ------------- --------- --- ------------- --- --- ------------ --- ---
  Structure of Teaching Unit   4.40 (.70)    3   5         4.57 (.65)    3         5   3--54 (.66)   2   4   4.07 (.83)   2   5
  Activities and stages        4.20 (1.23)   1   5         4.93 (.27)    4         5   4.46 (.78)    3   5   4.57 (.51)   4   5
  Evaluation                   3.90 (.32)    3   4         3.64 (1.22)   2         5   3.69 (.63)    3   5   3.64 (.84)   2   5
  Methodology                  3.70 (1.16)   1   5         2.79 (2.01)   1         5   4.08 (1.11)   2   5   3.50 (.76)   2   5
  **Total score**              4.05 (.74)    1   5         3.98 (.63)    1         5   3.94 (.63)    2   5   3.94 (.57)   2   5

The scores show positive results for the learning acquired in the training program, although with a lower score than the self-perception of t learning. Half of the items received a score over 4 (4.93 out of 5 in the valuation of the activities in Group 2 was the variable with the highest score). The rest of the items exceeded 3.5 out of 5 on average, except for the score received for the methodology in Group 2. Overall, Group 1 had the highest performance in the training program and Group 3 the lowest, although the difference was not very great. At between-group level, the averages between all the groups showed few differences. Nevertheless, the best results were obtained in \"Structure of the Teaching Unit\" in Group 1; in \"Activities and phases\" in Group 2 and in \"Evaluation\" and in \"Methodology\" in Group 3. At the within-group level, the highest scores were from Group 1 in \"Structure of the Teaching Unit\", and Groups 2, 3 and 4 in \"Activities and stages\".

A single factor ANOVA was run to test for significant differences and the differences in means detected were not significant.

[Table 11](#pone.0236083.t011){ref-type="table"} collects the descriptive statistical data from the learning perception score and the performance of the Didactic Unit. The sample difference between the learning perception and performance questionnaires obtained in the Didactic Unit evaluation is due to the fact that in the latter the evaluation was conducted in a group.

10.1371/journal.pone.0236083.t011

###### Descriptive statistics for future teachers' perceptions about learning and acquired outcomes.

![](pone.0236083.t011){#pone.0236083.t011g}

                                                                                                                  Questionnaire perception mean   Evaluation teaching units mean   Difference   Student\'s t-test   Significance (Two-tailed test)
  --------------------------------------------------------------------------------------------------------------- ------------------------------- -------------------------------- ------------ ------------------- --------------------------------
  Learning about a Didactic Unit Structure[^2^](#t011fn002){ref-type="table-fn"}                                  4.30 (.862)                     4.14 (.800)                      ,160         1,260               .211
  Learning about the phases of a Didactic Units' activities[^1^](#t011fn001){ref-type="table-fn"}                 4.37 (,886)                     4,57 (.755)                      -,200        -1,485              .139
  Learning about the evaluation tools of a Didactic Unit[^2^](#t011fn002){ref-type="table-fn"}                    4.60 (.673)                     3.71 (.832)                      .890         7.092               \< .001
  Learning about the different active teaching methods in social sciences[^2^](#t011fn002){ref-type="table-fn"}   4.69 (.584)                     3.49 (1,405)                     .201         5.975               \< .001

^1^Equal variance is assumed

^2^Equal variance is not assumed

On one side, if we compare the scores on [Table 11](#pone.0236083.t011){ref-type="table"} on a descriptive level, it can be observed that the higher scores are obtained on the perception of the achieved learning (regarding the perception of the Didactic Unit, the evaluation methods of the Didactic Unit and the active teaching methods in social sciences' structures). However, regarding the phases of a Didactic Units' activities, the performance levels are higher than what is perceived.

To analyse if the observed differences at a descriptive level are statistically significant, a t of Student was used for independent samples, observing that there are statistically significant differences in the learning perception regarding the achieved learning (in terms of both evaluation tools of a Didactic Unit and the learning of different active teaching methods in social sciences).

Discussion and conclusions {#sec015}
==========================

From the data, the students had a very positive opinion of the strategies and techniques used in the training program. Increased participation, greater autonomy and the ability to tackle different learning styles \[[@pone.0236083.ref036]--[@pone.0236083.ref038], [@pone.0236083.ref059], [@pone.0236083.ref075]\]; as well better commitment towards the learning \[[@pone.0236083.ref020], [@pone.0236083.ref057], [@pone.0236083.ref076], [@pone.0236083.ref077]\] are some of the factors that would explain this. Although there were no statistically significant differences in terms of groups and gender overall, Group 1 did score gamification strategies higher.

As regards perception of learning, the results are again very positive. This perception of learning expressed by the students themselves is in line with other research on the use of gamification and the flipped-classroom \[[@pone.0236083.ref049], [@pone.0236083.ref078]--[@pone.0236083.ref080]\]. In this case there were significant differences. Group 1 students and female participants perceived that they had learned more. There is a wealth of literature that has addressed differences in the perception of the use of technology and digital literacy according to gender \[[@pone.0236083.ref081], [@pone.0236083.ref082]\]. In this training program, in which ICTs played an important role, it was women who showed a better perception of learning and a greater appreciation of the program. These results differ from a large part of the studies, which indicate notable differences in the use and usefulness of ICT \[[@pone.0236083.ref083]\]. We interpret the women\'s more positive opinions of the program and the techniques as being related more to their innovative potential than to the use of ICT. The supposed gender digital divide \[[@pone.0236083.ref084]\] must, therefore, be taken with extreme caution, and the results should be analyzed from different conceptions of what innovation means \[[@pone.0236083.ref085]\]. The differences for Group 1 have an explanation first in their special characteristics (bilingual group), and second in their greater valuation of techniques and strategies linked to gamification. These techniques are related to the increase in student motivation \[[@pone.0236083.ref009]\]. The data seem to indicate that this motivation generally supposed a greater self-perception of learning. This was a group with a higher academic level than the rest of the groups, and valued the motivation techniques more positively.

The analysis of the learning outcomes through the evaluation of the teaching units designed by the students shows satisfactory results. However, this score was lower than the self-perception of learning. The students believed that they had learned more than the final results showed after the teachers\' evaluations. Group 1 had the best results, although with a statistically insignificant difference with the rest of the groups. The structure of the training units and the activities were the items with the best outcome among the teachers in training. On the other hand, the methodological justification at the theoretical level did not have such satisfactory results.

From training in university contexts, one must begin to understand that international studies and reports are proposing that these key trends be adopted in the short term, leading to a change in practices in educational contexts. In our study, students valued very positively the use of previous videos through the flipped-classroom method, as in other studies \[[@pone.0236083.ref046]\]. This allowed to change the traditional lesson and to introduce activities of work in group. The use of in-class time to do these activities resulted in more positive feedback from students. Student learning, as determined by Teaching units designed, was affected positively \[[@pone.0236083.ref045]\]. The good evaluation of the program was also increased thanks to the use of gamification techniques. If the use of flipped-classroom was a methodological change in which students acquired a more active role, the use of gamification kept motivation high with daily work \[[@pone.0236083.ref020]\]. University education and initial teacher training must adapt to these challenges and the demands of today\'s society, taking into account the emerging trends that professionals will encounter in their immediate future \[[@pone.0236083.ref086], [@pone.0236083.ref087]\].

Not all published experiences on gamification reflect these positive results \[[@pone.0236083.ref019], [@pone.0236083.ref038]\]. Hence, from the conclusions of these experiences, we interpret that the satisfactory data obtained in our research are due to our students' being informed of the working method from the outset \[[@pone.0236083.ref037]\] and it was accepted once the educational objectives associated with the program had been established. The learners involved themselves in the learning process by watching the videos and so arrived prepared in the classroom. In tandem with the dynamics of the flipped-classroom and gamification, we could also count on the cooperative work to fix learning and internal motivation \[[@pone.0236083.ref009]\].

According to the data obtained, the teachers in training acquired specific competences in the proposal of training activities for teaching social sciences. However, learning on the theoretical conceptualization capacity of these proposals was more superficial learning. This undoubtedly seems to be one of the weak points of the program, with more emphasis placed on technical and design skills. The program needs to be reviewed in order to provide future teachers with a greater theoretical framework on which to base their training proposals. However, in order to corroborate the effects of this program, more in-depth evaluative research is needed with larger numbers of learners and in different contexts.
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